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PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

This is a national phase filing of International Application No. PCT/SE00/01776, 
filed September 14, 2000. 

It is contemplated that this Application be prosecuted while using Claims 1 to 23 
that were submitted on March 22, 2001 during the international phase of prosecution as 
further amended herein. 



I N THE ABSTRACT : 

Please add the Abstract of the Disclosure that is provided on a separate sheet. 



IN THE CLAIMS ; 

Kindly replace Claims 4, 5, 7, 10, 11, 21 and 23 as follows: 
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4. (Amended) A supported molecularly imprinted polymer according to claim 
1, wherein the support is selected from the group consisting of porous and non-porous, 
planar and non-planar inorganic and organic supports. 

5 . (Amended) A supported molecularly imprinted polymer according to claim 
1 , wherein the support is a particle and the free radical initiator is an azo-initiator that is 
bound to the surface of the particle. 

7. (Amended) A supported molecularly imprinted polymer according to claim 
1 , wherein the initiator is an azo-bis-amidine initiator that is adsorbed to the surface of the 
support and is insoluble in the polymerisation medium. 

10. (Amended) A supported molecularly imprinted polymer according to 
claim 1 , wherein the polymerisation on the support is repeated at least once with a different 
composition to obtain at least one further layer of a molecularly imprinted polymer; a layer 
of different polarity; or a layer of other functional properties. 

1 1 . (Amended) A supported molecularly imprinted polymer according to 
claim 1 , wherein the template is selected from the group consisting of organic or inorganic 
molecule entities, ions, antibodies, antigens, amino acids, peptides, proteins, nucleotides, 
DNA-bases, carbohydrates, drugs, pesticides, and derivatives thereof. 
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21. (Amended) A method according to claim 12, wherein the polymerisation on 
the support is repeated at least once with a different composition to obtain at least one 
further layer of a molecularly imprinted polymer; a layer of different polarity; or a layer of 
other functional properties. 

23. (Amended) Azoinitiator as a means of carrying out the method of claim 12, 
characterised in that it is the reaction product of glyxidoxypropyltrimethoxysilane (GPS) 
and azo-bis-(cyanopentanoic acid) (ACPA). 

Please cancel Claim 22 without prejudice or disclaimer. 

Please add the following new Claims 24 to 37: 

24. (New) A supported molecularly imprinted polymer according to claim 2, 
wherein the support is selected from the group consisting of porous and non-porous, planar 
and non-planar inorganic and organic supports. 

25 . (New) A supported molecularly imprinted polymer according to claim 3 
wherein the support is selected from the group consisting of porous and non-porous, planar 
and non-planar inorganic and organic supports. 
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26. (New) A supported molecularly imprinted polymer according to claim 2, 
wherein the support is a particle and the free radical initiator is an azo-initiator that is 
bound to the surface of the particle. 

27. (New) A supported molecularly imprinted polymer according to claim 2, 
wherein the initiator is an azo-bis-amidine initiator that is adsorbed to the surface of the 
support and is insoluble in the polymerisation medium. 

28. (New) A supported molecularly imprinted polymer according to claim 2, 
wherein the polymerisation on the support is repeated at least once with a different 
composition to obtain at least one further layer of a molecularly imprinted polymer; a layer 
of different polarity; or a layer of other functional properties. 

29. (New) A supported molecularly imprinted polymer according to claim 2, 
wherein the template is selected from the group consisting of organic or inorganic molecule 
entities, ions, antibodies, antigens, amino acids, peptides, proteins, nucleotides, DNA- 
bases, carbohydrates, drugs, pesticides, and derivatives thereof. 

30. (New) A method according to claim 13, wherein the polymerisation on the 
support is repeated at least once with a different composition to obtain at least one further 
layer of a molecularly imprinted polymer; a layer of different polarity; or a layer of other 
functional properties. 
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31. (New) Azoinitiator as a means of carrying out the method of claim 13, 
characterised in that it is the reaction product of glyxidoxypropyltrimethoxysilane (GPS) 
and azo-bis-(cyanopentanoic acid) (ACPA). 

32. (New) A chromatography process wherein the supported molecular ly 
imprinted polymer of claim 1 is utilized. 

33 . (New) A separation process wherein the supported molecularly imprinted 
polymer of claim 1 is utilized. 

34. (New) A chemical sensor comprising the supported molecularly imprinted 
polymer of claim 1 . 

35. (New) A process for molecular recognition as stationary phase in capillaries 
wherein the supported molecularly imprinted polymer of claim 1 is utilized. 

36. (New) A process for selective sample enrichment wherein the supported 
molecularly imprinted polymer of claim 1 is utilized. 

37. (New) A catalysis process wherein the molecularly imprinted polymer of 
claim 1 is utilized. 
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REMARK S 

The present Amendment modifies the claim format and eliminates the use of 
multiple dependency only. The subject matter of Claim 22 is now presented in new claims 
32 to 37. 

An Information Disclosure Statement is being filed herewith. 

The examination and allowance of the Application are respectfully requested. 



Respectfully submitted, 

Burns, Doane, Swecker & Mathis, l.l.p. 




Registration No. 22,030 

P.O. Box 1404 

Alexandria, Virginia 22313-1404 
(703) 836-6620 



Filed: February 21, 2002 
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Attachment to Prelminiary Am endm e nt da te d F e b ruary 2 1, 2002 



ABSTRACT OF THE DISCLOSURE 

The invention refers to a molecular ly imprinted polymer, a method of preparing a 
molecularly imprinted polymer material, and the use thereof. According to the invention a 
support and a composition comprising at least one monomer, and a template, in a 
polymerisation medium is polymerized with a free radical initiator, whereafter the template 
is removed from the molecularly imprinted polymer obtained. The polymerisation is 
confined to the surface of the support, preferably by confining the free radical initiator to 
the support by bonding or adsorption. The molecularly imprinted polymer may be used in 
chromatography, for separations, in chemical sensors, in molecular recognition as 
stationary phase in capillaries, in selected sample enrichment or in catalysis. 
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Attachment to Pre liminary Amendment dated February 21 T 2002 
Mark-Up of Claims 4, 5, 7, 10, 11, 21, and 23 

4. (Amended) A supported molecularly imprinted polymer according to [any 
one of claims 1-3] claim 1 , wherein the support is selected from the group consisting of 
porous and non-porous, planar and non-lanar inorganic and organic supports. 



5. (Amended) A supported molecularly imprinted polymer according to [any 
one of claims 1-4] claim 1 T wherein the support is a particle and the free radical initiator is 
an azo-initiator that is bound to the surface of the particle. 



7. (Amended) A supported molecularly imprinted polymer according to [any 
one of claims 1-4] claim 1 . wherein the initiator is an azo-bis-amidine initiator that is 
adsorbed to the surface of the support and is insoluble in the polymerisation medium. 



10. (Amended) A supported molecularly imprinted polymer according to [any 
one of claims 1-9] claim 1 , wherein the polymerisation on the support is repeated at least 
once with a different composition to obtain at least one further layer of a molecularly 
imprinted polymer; a layer of different polarity; or a layer of other functional properties. 
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Att achment to Preliminary Amendment dated February 21 , 2002 
Mark-Up of Claims 4, 5, 7, 10, 11, 21, and 23 

1 1 . (Amended) A supported molecularly imprinted polymer according to [any 

one of claim 1-10] c l aim 1 , wherein the template is selected from the group consisting of 

organic or inorganic molecule entities, ions, antibodies, antigens, amino acids, peptides, 

proteins, nucleotides, DNA-bases, carbohydrates, drugs, pesticides, and derivatives 

thereof. 

21. (Amended) A method according to [any one of claims 12-20] claim 12 , 
wherein the polymerisation on the support is repeated at least once with a different 
composition to obtain at least one further layer of a molecularly imprinted polymer; a layer 
of different polarity; or a layer of other functional properties. 

23 . (Amended) Azoinitiator as a means of carrying out the method of [any one 
of claims 12-21] claim 12 , characterised in that it is the reaction product of 
glyxidoxypropyltrimethoxysilane (GPS) and azo-bis-(cyanopentanoic acid) (ACPA). 



WO 01/19886 



:i in o c» o & a: .JO^'O^i^O 6 8 
JC13Rec'dPCT/PT0 2 1 FEB 2002 

PCT/SE00/01776 



NEW MOLE CU LARL Y IMPRINTED POLYMERS GRAFTED ON SOT-TP 
SUPPORTS 



Technical Field of the Invention 

The present invention relates to a molecularly im- 
printed polymer, to a method for preparing said molecu- 
larly imprinted polymer, and to the use of said molecu- 
5 larly imprinted polymer. 
Backctround Art 

In the fields of medical, dietary, environmental and 
chemical sciences there is an increasing need for the 
selective separation of specific substances in complex 

10 mixtures of related substances . The end goal can be the 
preparative isolation of a certain compound or compounds 
or measurements of their concentration. Molecularly im- 
printed polymers (MIPs) often exhibit a high selectivity 
towards their substrate in analogy with the antibody- 

15 antigen complementarity. (1, 2) The technique shows pro- 
mise in chiral separations of for example amino acid de- 
rivatives, peptides, phosphonates , aminoalcohols and 
beta-blocking compounds, affinity chromatography of nu- 
cleotides and the DNA-bases as well as substitute for 

20 antibodies in immunoassays for commercial drugs. Mole- 
cular imprinting (MI) consists of the following key 
steps: (1) Functional monomers are allowed to interact 
reversibly with a template molecule in solution. (2) The 
hereby formed template assemblies are copolymerised with 

25 a cross-linking monomer resulting in a cross-linked net- 
work polymer. (3) The template is displaced and the re- 
sulting MIP material can be used for selective molecular 
recognition of the corresponding compound. If the MIP 
material is crushed and sieved it can be packed in a 

3 0 chromatographic column and used for chromatographic se- 
paration of the template from structurally related ana- 
logs. Analytical as well as preparative applications are 
here possible. Preparative applications can be separation 
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of a compound from a complex mixture of structurally re- 
lated compounds and isolation of the compound. This can 
be through an affinity chromatographic procedure where 
pH, ion strength or solvent gradients can be used in 
5 order to control the strength of interaction with the 
stationary phase. The separation can target enantiomers 
or diastereomers in a mixture of enantiomers or dia- 
stereomers of one or many compounds. Analytical appli- 
cations can in addition to the above mentioned separa- 

10 tions be: competetitive binding assays, chemical sensors 
or selective sample enrichments. 

Currently the most widely applied technique to gene- 
rate molecularly imprinted binding sites is represented 
by the non-covalent route developed by the group of 

15 Mosbach(3) . This makes use of non-covalent self-assembly 
of the template with functional monomers prior to polym- 
erisation, free radical polymerisation with a cross- link- 
ing monomer and then template extraction followed by re- 
binding by non-covalent interactions. Although the prepa- 

20 ration of a MIP by this method is technically simple it 
relies on the success of stabilisation of the relatively 
weak interactions between the template and the functional 
monomers. Stable monomer- template assemblies will in 
turn lead to a larger concentration of high affinity 

25 binding sites in the resulting polymer. The materials can 
be synthesized in any standard equipped laboratory in a 
relatively short time and some of the MIPs exhibit bind- 
ing affinities and selectivities in the order of those 
exhibited by antibodies towards their antigens. Most MIPs 

3 0 are synthesized by free radical polymerisation of func- 
tional monounsaturated (vinylic, acrylic, methacrylic) 
monomers and an excess of cross-linking di- or triunsatu- 
rated (vinylic, acrylic, methacrylic) monomers resulting 
in porous organic network materials. These polymerisa- 

3 5 tions have the advantage of being relatively robust al- 
lowing polymers to be prepared in high yield using dif- 
ferent solvents (aqueous or organic) and at different 
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temperatures (4) . This is necessary in view of the vary- 
ing solubilities of the template molecules. 

The most successful non-covalent imprinting systems 
are based on commodity acrylic or methacrylic monomers, 
5 such as methacrylic acid (MAA) , cross-linked with ethyle- 
neglycol dimethacrylate (EDMA) . Initially, derivatives of 
amino acid enantiomers were used as templates for the 
preparation of imprinted stationary phases for chiral 
separations (MICSPs) but this system has proven generally 

10 applicable to the imprinting of templates allowing hydro- 
gen bonding or electrostatic interactions to develop with 
MAA. (5, 6) The procedure applied to the imprinting with 
L- phenyl alanine anilide (L-PA) is outlined in Fig. 1. In 
the first step, the template (L-PA) , the functional mono- 

15 mer (MAA) and the cross-linking monomer (EDMA) are dis- 
solved in a poorly hydrogen bonding solvent (diluent) of 
low to medium polarity. The free radical polymerisation 
is then initiated with an azo initiator, commonly azo- 
N, N' -bis-isobutyronitrile (AIBN) either by photochemical 

20 homolysis below room temperature (6 , 7) or t he rmoc heroi- 
cally at 60°C or higher(5). Lower thermochemical initia- 
tion temperatures down to 40°C or 30°C may be obtained 
using azo-N, N' -bis-divaleronitrile (ABDV) and V70 resp. 
instead of AIBN as initiator (see) . (7, 8) In the final 

25 step, the resultant polymer is crushed by mortar and 

pestle or in a ball mill, extracted by a Soxhlet appara- 
tus, and sieved to a particle size suitable for chromato- 
graphic (25-38 /xm) or batch (150-250 applications . (6 ) 
The polymers are then evaluated as stationary phases in 

3 0 chromatography by comparing the retention time or capa- 
city factor (k' ) (9) of the template with that of structu- 
rally related analogs. 

As appears from above MIPs have sofar been prepared 
in the form of continuous blocks that need to be crushed 

35 and sieved before use. This results in a low yield of 

irregular particles, a high consumption of template and a 
material exhibiting low chromatographic efficiency. There 
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is therefore a need for MI -materials that can be prepared 
in high yield in the form of regularly shaped particles 
with low size dispersity and a controlled porosity. These 
are expected to be superior in terms of mass transfer 
5 characteristics and sample load capacity compared to the 
materials obtained from the monolithic approach. 

Such MIPs have been previously prepared through sus- 
pension(10, 11)- polymerisation techniques, dispersion 
polymerisation (12) or precipitation polymerisation ( 13) . 

10 This resulted in spherical particles of a narrow size di- 
stribution. These procedures have the limitation of being 
very sensitive to small changes in the manufacturing con- 
ditions and the type of solvents and polymerisation con- 
ditions that can be applied. Thus the procedures need 

15 careful optimization for each new template target which 

significantly reduces the usefulness of this route. More- 
over conditions leading to low dispersity spherical par- 
ticles may not be compatible with conditions leading to 
high selectivity and affinity for the template target. 

2 0 An alternative to this procedure is the coating of 

preformed support materials. (14-16) MIPs have been pre- 
pared as grafted coatings on oxide supports (14, 16) on 
organic polymer supports (15) and on the walls of fused 
silica capillaries (17-19) . The former technique allows 
25 the use of the wide variety of oxide support materials 
available with different sizes and porosities. Grafting 
techniques to prepare organic polymer coatings are ex- 
pected to be generally applicable to molecular imprinting 
since the structure of the underlying support is already 

3 0 fixed. Thus compared to the large number of factors in- 

fluencing the end result in suspension or precipitation 
type polymerisations a smaller number of factors is like- 
ly to influence the end result in the preparation of the 
imprinted coatings. This will make the grafted coatings 
35 techniques less sensitive to changes in conditions offer- 
ing a more robust method. These types of coating tech- 
niqes are furthermore applicable to modify surfaces of 
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monolithic type supports or microchips prepared by litho- 
graphic techniques. The oxide based materials are rigid 
porous supports with a limited inner pcjre volume. An 
alternative support that could potentially carry more 
5 grafted imprinted polymer per unit weight and thus allow 
a higher density of imprinted sites would be^, to make use 
of swellable organic resins. In this contdxt Meirrifield 
resins containing grafted initiator or monomer could be 
used . 

10 Sofar most imprinted coatings have been prepared by 

grafting polymers to the various surfaces. Thus the sur- 
face contains prior to polymerisation polymerizable 
double bonds that can add to the growing polymer chains 
in solution linking them to the surface. The problem with 

15 this technique is the presence of initiator in solution 
requiring the monomer mixture to be applied as a liquid- 
thin film on the surface prior to polymerisation. Thus 
the exact amount of monomers that will coat the available 
surface with an up to ca 100 A thick liquid film is dis- 

2 0 solved together with initiator in an excess of solvent. 

Thereafter the modified support is added and the solvent 
evaporated to leave the monomer film and initiator on the 
surface. Polymerisation is then carried out usually at 
elevated temperatures. With this procedure the thickness 
25 of the polymer layer is difficult to control and capill- 
ary forces upon evaporation of solvent may cause incom- 
plete wetting of the surface. Moreover a continuous meth- 
od of synthesising the particles is difficult to envisage 
with this method. 

3 0 A considerable improvement in this regard would be 

to confine the initiator radicals to the support surface 
(Fig. 2) . (20, 21) In absence of chain transfer this would 
lead to chain growth occuring only from the surface of 
the support with no polymerisation occuring in solution. 
35 For molecular imprinting this would have important conse- 
quences. For instance the polymerisation can be carried 
out on the surface of initiator modified support particl- 
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es suspended in a mixture of the monomers and solvent. 
This would allow polymerisation in a simple tank reactor 
by either thermal or photochemical initiation. The latter 
technique would allow the particles to be modified during 
5 the sedimentation possibly leading to a continuous method 
for preparing the imprinted composite particles (Fig. 3) . 
Polymerisation would here only occur on the particle sur- 
face leaving the solution containing the monomers unre- 
acted. Tne monomer solution can thus be reused for the 
10 coating of several batches of particles. The problem of 

confining polymer chain growth to the support surface and 
supress it in solution can be solved by attaching the 
radical initiator so that the radical formed upon bond 
hemolysis remains bound to the surface. Alternatively the 
15 radical formed that is not attached to the surjace should 
undergo rapid reaction to give an unreactive species. It 
should be possible to prepare the grafted coatings using 
monomers such as those based on styren/divinylbenzene , 
methacrylates, acrylates, acrylamides and in the presence 
2 0 of one or more template molecules. 

Summary of the Invention | 

Thus, the present invention relates to a molecularly 
imprinted polymer obtainable by polymerising a composi- 
tion comprising at least one monomer, and a template, on 
2 5 a support in a polymerisation medium with a free radical 
initiator, whereafter the template is removed from the 
molecularly imprinted polymer obtained, said polymerisa- 
tion being confined to the surface of the support . 
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The invention further relates to a method for pre- 
paring a molecularly imprinted polymer which comprises 
polymerising a composition comprising at least one mono- 
mer, and a template, on a support in a polymerisation me- 
dium with a free radical initiator, whereafter the tem- 
plate is removed from the molecularly imprinted ;polymer 
obtained, said polymerisation being confined to the sur- 
face of the support. 

Still further the invention relates to the use of a 
molecularly imprinted polymer as defined above in chroma- 
tography, for separations, in chemical sensors, in mole- 
cular recognition as stationary phase in capillaries, in 
selective sample enrichment or in catalysis. 

These and other advantages and characterising fea- 
tures of the present invention will appear from the fol- 
lowing specification and the appended claims. 
Brief Description of the Drawings 

Fig. 1 illustrates molecular imprinting with L- 
phenylalanine anilide (L-PA) . 

Fig. 2 illustrates the procedure of confining ini- 
tiator radicals to the surface of a support. 

Fig. 3 illustrates a method for preparing imprinted 
composite particles. 

Fig. 4A illustrates the use of a presynthesi zed azo- 
silane initiator where both ends may be attached to the 
surface of a support . 

Fig. 4B illustrates an initiator that may be pread- 
sorbed on a support surface and that is insoluble in the 
monomer containing solution. 

Fig. 4C illustrates the use of microwaves to selec- 
tively heat the particle surface. 

Fig. 4D illustrates the use of iniferters such as 
dithiocarbamate coupled onto the surface. 
Detailed Description of the Invention 

The invention will now be described in more detail 
with reference to a number of non-limiting examples: 
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The invention refers .to a material that consists in 
a support (porous or nonporous material or planar sur- 
face) coated with a polymer layer, a method for its fab- 
rication and use of said material in for instance chroraa- 
5 tography, for separations, in chemical sensors, in selec- 
tive sample enrichment, in molecular recognition as sta- 
tionary phase in capillaries or in catalysis. The materi- 
al is prepared by grafting a polymer layer on the surface 
of a preformed organic or inorganic support material or 

10 surface. The grafting can be combined with the technique 
of molecular imprinting. 

In one embodiment of the present invention the po- 
lymerisation is confined to the surface of the support by 
confining the free radical initiator to the support. Ac- 

15 cording to one aspect the free radical initiator is bound 
(covalently or non-covalently such as e.g. by hydrogen 
bonds) to the surface of the support. According to an- 
other aspect the free radical initiator is adsorbed to 
the surface of the support, preferably by dissolving it 

2 0 in a solvent for the free radical initiator, applying the 
solution to the support, and removing the solvent, said 
free radical initiator being insoluble in the polymerisa- 
tion medium or remaining attached to the support surface 
by adsorptive forces. 

2 5 In another embodiment of the present invention the 

polymerisation is confined to the surface of the support 
by subjecting the composition, the support and the free 
radical initiator to microwave irradiation which selecti- 
vely heats the support and thereby initiates a polymeri- 
30 sation reaction at the surface of the support. 

In a further embodiment of the present invention the 
polymerisation is repeated at least once with a different 
composition to obtain at least one further layer of mole- 
cularly imprinted polymer. This allows the manufacturing 

3 5 of layered surfaces containing one or more imprinted lay- 

ers using possibly different templates and layers of 
different polarity or other functional properties. 
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The support used in the present invention is pref- 
erably selected from the group consisting of porous and 
non-porous, planar and non-planar inorganic and organic 
supports. As examples of such support materials may be 
mentioned oxides such as alumina and silica, and organic 
resins in the form of particles such as spheres, or 
sheets . 

The template used in the present invention may be 
any molecule or ion and is preferably selected from the 
group consisting of organic or inorganic molecule enti- 
ties, ions, antibodies, antigens, amino acids, peptides, 
proteins, nucleotides, DNA-bases, carbohydrates, drugs, 
pesticides, and derivatives thereof, etc. 

The expression "polymerisation medium" as used her- 
ein means a liquid medium in which the polymerisation is 
carried out. The polymerisation medium may e.g. be a sol- 
vent in which the monomers are soluble. It may also be a 
monomer acting as a solvent for the other components of 
the polymerisable composition. 

The support surface is prepared as follows. A free 
radical initiator is bound to the surface either cova- 
lently or noncovalently so that the free radicals gene- 
rated upon initiation remain confined to the surface or 
vicinity of the surface. The absence of polymer propaga- 
tion in solution will lead to a higher accessibility of 
the monomers at the surface. Furthermore this method will 
allow the .tuning of the thickness of the polymer layer. 

Surface attachment of a free radical initiator has 
been disclosed generally by Guyot et.al. (21) and 
Tsubokawa et.al. (22, 23) It relies on presilani zation of 
the surface using 3 -aminopropyltriethoxysilane or a gly- 
cidoxypropylsilane (GPS) followed by reaction of the 
amino groups or the epoxy groups with an azoinitiator 
such as azo-bis (cyanopentanoic acid, ACPA) leading to the 
formation of an amide (using DCC as condensing reagent) 
or ester link between the surface and the azoinitiator. 
Also peroxy initiators may be used although better re- 
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suits are obtained using the grafted, azoinitiator follow- 
ed by photochemical initiation. High yields of grafted 
polymer are obtained using silica reacted with toluene- 
2 , 4-diisocyanate (TDI) followed by reaction with ACPA. 
5 Example 1 

Coupling of initiator to amino, epoxy or chloromethyl 

modified supports or resins 

Epoxy and chloromethyl modified supports; A typical 

example is as follows. Into a flask, 3 g of epoxy modi- 
10 fied particles 50 mL of DMSO, 0.5 g of ACPA and picoline 

were charged. The reaction mixture was stirred for 5 h at 

50°C. After the reaction the particles were washed with 

methanol and dried. 

Amino modified supports: A typical example is as 
15 follows. Into a flask, 3 g of epoxy modified particles 

50 mL of DMF, 0.5 g of ACPA and dicyclohexyldicarbodi- 

imide (DCCI) and base were charged. The reaction mixture 

was stirred for 5 h. After the reaction the particles 

were washed with methanol and dried . 

2 0 The above procedure does not confine all initiator 

radicals to the surface since the initiator is bound at 
only one position. This invention describes three alter- 
native procedures to confine the polymerisation to the 
surface . 

25 1. The use of a presynthesized azosilane (Fig. 4A) . 

This will more likely lead to a two point attachment of 
the initiator to the surface. 
Example 2 

Synthesis of azosilane for two point coupling of an azo- 

3 0 initiator to a surface or support 

The azosilane was synthesized by mixing 0.5 mole 
glycidoxypropyltrimethoxysilane (GPS) and 0.25 mole ACPA 
in 200 mL isopropanol and catalytic amounts of picoline. 
The reaction was allowed to continue at room temperature 
35 and the product isolated by evaporation to dryness follo- 
wed by purification by column chromatography giving the 
product in 60 % yield. 
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Example 3 

Coupling of silane to a surface 
5 The silane was coupled by reaction in water at low 

temperature (20°C) for 24 hours. 

2. Preadsorbtion of an initiator that is insoluble 
in the monomer containing solution. Thus, a polar water 
soluble initiator as for instance an azo-bis-amidine, (24) 

10 can be adsorbed to the surface from aqueous solvent, the 
surface dried and then the polymerisation initiated as 
described above (Fig. 4B) . The free radicals generated 
from the initiator will stay associated to the surface 
due to their insolubility in the monomer mixture. 

15 Example 4 

Adsorption of amidineazoinit iator to a support surface 

An amidineazoinit iator such as 2 , 2 ' -azobis (N, N' - 
dimethyleneisobutyramidine) or 2 , 2 ' -azobis (2-amidino- 
propane) is dissolved in methanol /water and support par- 
2 0 tides such as silica are added. After several hours of 
equilibration the solvent is removed by filtration and 
the particles dried under vacuum. 

3 . Use of microwaves to selectively heat the par- 
ticle surface (Fig. 4C) . 
25 Example 5 

Microwave initiated polymerisation 

Particles are added to a solution of monomers and 
initiator in a suitable solvent. The polymerisation is 
initiated by microwave irradiation at a wavelength caus- 
30 ing local heating of the particles only. 

4. Use of iniferters such as dithiocarbamate coup- 
led onto the surface (Fig. 4D) . (25) (The term "iniferter" 
is an abbreviation for "initiator + transfer agent + 
terminator" ) . 

35 
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Example 6 

Synthesis of support or polymeresin bound initiator 

To a surface or polymer containing bound chloro- 
methyl groups is given N, N-diethyldithiocarbamate in 
solution and the reaction allowed to proceed at elevated 
temperatures . 
Example 7 

Synthesis of block-graft imprinted copolymer 

Particles or a surface containing bound dithiocarba- 
mate groups are/ is added to a mixture of monomers (con- 
centration about 5 moles/litre) , template and solvent 
under nitrogen. The polymerisation was initiated by ir- 
radiation with an ultrahigh pressure mercury UV lamp and 
allowed to proceed for a certain time. Then the unreacted 
monomers and template were washed away. The obtained par- 
ticles or surface can then be immersed in another solu- 
tion containing another monomer and the procedure repeat- 
ed. This allows the manufacturing of layered surfaces 
containing one or more imprinted layers using possibly 
different templates and layers of different polarity or 
other functional properties. 
Example 8 

Endcapping of unreacted silanol groups 

Prior to polymerisation endcapping of unreacted si- 
lanol groups can be done. Hexamethylsilazane is here 
effective. Good wetting is critical for the formation of 
a homogenous layer fully covering the support. Another 
possibility to enhance the wetting is to use organosilan- 
es containing functionalities resembling solvents known 
to be good solvents for the methacrylate polymerisations. 
Among these chlorinated hydrocarbons are particularly 
useful . 

Grafting of polymer layer 

The polymerisation can be carried out in a stirred 
suspension of the particles in the monomer mixture since 
growth only takes place on the surface (see Fig. 3) . 
Thus the initiator modified particles are added to a 
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monomer containing solution and solvent and possibly a 
template and the suspension stirred. The polymerisation 
is then carried out photochemically or thermally. The 
particles can be based on any inorganic or organic sup- 
5 port material and the template on any molecule or ion 
dissolved in the monomer mixture solution. The grafting 
can also occur on other surfaces such as those generated 
by lithographic processes or on the walls of capillaries 
or fibres. The thickness of the polymer layer is tunable 
10 by varying the time of reaction. 
Example 

To a stirred solution of 38 ml (0.2 mole) EDMA, 3 . 4 ml 
(4 0 mmole) MAA and 10 mmole terbutylazine (or no tem- 
plate) in 56 ml dichloromethane is added 5 g of any of 

15 the initiator modified particles described in Examples 1- 
6. The suspension is sparged with nitrogen and the poly- 
merisation initiated by UV irradiation using a standard 
high pressure mercury lamp at 15°C or by heating to a 
temperature providing a suitable rate of polymerisation. 

20 The suspension is stirred under nitrogen and UV irradia- 
tion or heating for 24 h and the particles then filtered, 
washed and dried under vacuum. The monomer mixture is 
then used to modify a second batch of particles. 

The resulting particles exhibit high selectivity and 

25 affinity for the template, terbutylazine. 
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CLAIMS 



1. A supported molecularly imprinted polymer, 
characterised in that it is obtainable by 

(a) providing a composition comprising a poly- 
merisation medium with at least one functional monomer, a 

5 template, a support, and a free radical initiator; 

(b) polymerisation of the composition while con- 
fining the polymerisation to the surface of the support, 
thereby providing a molecularly imprinted polymer on the 
support ; 

10 (c) separation of the supported molecularly im- 

printed polymer from the polymerisation medium; 

(d) removal of the template from the supported 
molecularly imprinted polymer; 



15 paring further supported molecularly imprinted polymer by 
repeating steps (a) - (d) . 

2 . A supported molecularly imprinted polymer 
according to claim 1, wherein the polymerisation is con- 
fined to the surface of the support by confining the free 

20 radical initiator to the support. 

3 . A supported molecularly imprinted polymer 
according to claim 2, wherein the free radical initiator 
is bound or adsorbed to the surface of the support. 



25 according to any one of claims 1-3, wherein the support 
is selected from the group consisting of porous and non- 
porous, planar and non-planar inorganic and organic 
supports . 



30 according to any one of claims 1-4, wherein the support 
is a particle and the free radical initiator is an azo- 
initiator that is bound to the surface of the particle. 



(e) reuse of the polymerisation medium for pre- 



4 . A supported molecularly imprinted polymer 



5 . A supported molecularly imprinted polymer 
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6. A supported molecularly imprinted polymer 
according to claim 5, wherein the azoinitiator is bound 
to the surface of the particle by a two point attachment. 

7 . A supported molecularly imprinted polymer 

5 according to any one of claims 1-4, wherein the initiator 
is an azo-bis-amidine initiator that is adsorbed to the 
surface of the support and is insoluble in the poly- 
merisation medium. 

8. A supported molecularly imprinted polymer 

10 according to claim 7, wherein the initiator is 2,2'-azo- 
bis (2-amidinopropane) or 2,2' -azobis (N, N' -dimethylene- 
isobutyramidine) . 

9. A supported molecularly imprinted polymer 
according to claim 1, wherein the polymerisation is 

15 confined to the surface of the support by subjecting the 
composition to microwave irradiation which selectively 
heats the support and thereby initiates a polymerisation 
reaction at the surface of the support. 

10. A supported molecularly imprinted polymer 

2 0 according to any one of claims 1-9, wherein the poly- 
merisation on the support is repeated at least once with 
a different composition to obtain at least one further 
layer of a molecularly imprinted polymer; a layer of 
different polarity; or a layer of other functional 

25 properties. 

11. A supported molecularly imprinted polymer 
according to any one of claims 1-10, wherein the template 
is selected from the group consisting of organic or 
inorganic molecule entities, ions, antibodies, antigens, 

30 amino acids, peptides, proteins, nucleotides, DNA-bases, 
carbohydrates, drugs, pesticides, and derivatives 
thereof . 

12 . A method for preparing a supported molecularly 
imprinted polymer, characterised by 

35 (a) providing a composition comprising a poly- 

merisation medium with at least one functional monomer, a 
template, a support, and a free radical initiator; 
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(b) polymerising the composition while confining the 
polymerisation to the surface of the support, thereby 
providing a molecularly imprinted polymer on the support; 

(c) separating the supported molecularly imprinted 
5 polymer from the polymerisation medium; 

(d) removing the template from the supported mole- 
cularly imprinted polymer ,- 

(e) reusing the polymerisation medium for preparing 
further supported molecularly imprinted polymer by 

10 repeating steps (a) - (d) . 

13. A method according to claim 12, wherein the 
polymerisation is confined to the surface of the support 
by confining the free radical initiator to the support. 

14. A method according to claim 13, wherein the free 
15 radical initiator is bound or adsorbed to the surface of 

the support . 

15. A method according to claim 14, wherein the 
support is a particle and the initiator is an azo- 
initiator that is bound to the surface of the particle. 

2 0 16. A method according to claim 15, wherein the 

azoinitiator is bound to the surface of the particle by a 
two point attachment . 

17. A method according to claim 16, wherein the 
azoinitiator is the reaction product of glyxidoxypropyl - 

25 trimethoxysilane (GPS) and azo-bis (cyanopentanoic acid) 
(ACPA) . 

18. A method according to claim 14, wherein the 
initiator is an azo-bis-amidine initiator that is 
adsorbed to the surface of the support and is insoluble 

30 in the polymerisation medium. 

19. A method according to claim 18, wherein the 
initiator is 2 , 2 " -azo-bis (2 -amidinopropane ) or 2,2'- 
azobis (N, N' -dimethyleneisobutyramidine) . 

20. A method according to claim 12, wherein the 

35 polymerisation is confined to the surface of the support 
by subjecting the composition to microwave irradiation 
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which selectively heats the support and thereby initiates 
a polymerisation reaction at the surface of the support. 

21. A method according to any one of claims 12-2 0, 
wherein the polymerisation on the support is repeated at 
least once with a different composition to obtain at 
least one further layer of a molecularly imprinted poly- 
mer; a layer of different polarity; or a layer of other 
functional properties. 

22. Use of a molecularly imprinted polymer according 
to any one of claims 1-11, or prepared according to any 
one of claims 12-21, in chromatography, for separations, 
in chemical sensors, in molecular recognition as 
stationary phase in capillaries, in selective sample 
enrichment or in catalysis. 

23 . Azoinitiator as a means of carrying out the 
method of any one of claims 12-21, characte- 
rised in that it is the reaction product of 
glyxidoxypropyltrimethoxysilane (GPS) and azo-bis- 

(cyanopentanoic acid) (ACPA) . 
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I ACKNOWLEDGE THE DUTY TO DISCLOSE TO THE U.S. PATENT AND TRADEMARK OFFICE ALL 
INFORMATION KNOWN TO ME TO BE MATERIAL TO PATENTABILITY AS DEFINED IN TITLE 37, CODE OF 
FEDERAL REGULATIONS, Sec. 1.56 (as amended effective March 16, 1992); 

I do not know and do not believe the said invention was ever known or used in the United States of America before my or our 
invention thereof, or patented or described in any printed publication in any country before my or our invention thereof or 
more than one year prior to said application; that said invention was not in public use or on sale in the United States of 
America more than one year prior to said application; that said invention has not been patented or made the subject of an 
inventor's certificate issued before the date of said application in any country foreign to the United States of America on any 
application filed by me or my legal representatives or assigns more than six months prior to said application; 

I hereby claim foreign priority benefits under Title 35, United States Code, §§ 1 19 (a)-(e) of any foreign application(s) for 
patent or inventor's certificate or of any International (PCT) Application(s) designating at least one country other than the 
United States of America listed below and have also identified below any foreign application(s) for patent or inventor's 
certificate or any PCT International (PCT) Application(s) designating at least one country other than the United States of 
America filed by me on the same subject matter having a filing date before that of the application(s) of which priority is 
claimed: 



PRIOR FOREIGN/PCT APPLICATION(S) AND ANY PRIORITY CLAIMS UNDER 35 U.S.C. §1 1 9: 



COUNTRY 
(if PCT, indicate "PCT") 


APPLICATION NUMBER 


DATE OF FILING 
(day, month, year) 


PRIORITY CLAIMED 
UNDER 35USC §119 


Sweden 


9903387-0 


17 September 1999 


X Yes QNo 


Sweden 


0000294-9 


28 January 2000 


X Yes QNo 








□Yes QNo 








□Yes QNo 








□Yes QNo 



I hereby claim the benefit under Title 35, United States Code § 1 19(e) of any United States provisional application(s) listed 
below. 



(APPLICATION NUMBER) (FILING DATE) 



(APPLICATION NUMBER) (FILING DATE) 
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Attorney's Docket 
No. 003300-908 



I hereby claim the benefit under Title 35, United States Code, § 120 of any United States applications(s) or International 
(PCT) Application(s) designating the United States of America that is/are listed below and, insofar as the subject matter of 
each of the claims of this application is not disclosed in that/those prior application(s) in the manner provided by the first 
paragraph of Title 35, United States Code, § 1 12, 1 acknowledge the duty to disclose to the U.S. Patent and Trademark Office 
all information known to me to be material to the patentability as defined in Title 37, Code of Federal Regulations § 1.56, 
which became available between the filing date of the prior application(s) and the national or international filing date of this 
application: 




PRIOR U.S. APPLICATIONS OR INTERNATIONAL (PCT) APPLICATIONS DESIGNATING THE U.S. FOR BENEFIT UNDER 35 U.S.C. § 
120: 


U.S. APPLICATIONS 


STATUS (check one) 


U.S. APPLICATION NUMBER 


U.S. FILING DATE 






ABANDONED 






□ 


□ 


□ 






















PCT APPLICATION! 


3 DESIGNATING THE U.S. 








PCT APPLICATION NO. 


PCT FILING DATE 


U.S. APPLICATION 
NUMBERS ASSIGNED (if any) 








SE00/01776 


14 September 2000 



































I hereby appoint the following attorneys and agent(s) to prosecute said application and to transact all business in the U.S. Patent 
and Trademark Office connected therewith and to file, prosecute and to transact all business in connection with international 
applications directed to said invention: 



William L Mathis 


17,337 


Eric H. Weisblatt 


30,505 


Robert S. Swecker 


19,885 


James W. Peterson 


26,057 


Platon N. Mandros 


22,124 


Teresa Stanek Rea 


30,427 


Benton S Duffett, Jr. 


22,030 


Robert E. Krebs 


25,885 


Norman H Stepno 


22,716 


William C. Rowland 




Ronald L. Grudziecki 


24,970 


T. Gene Dillahunty 


25,423 


Frederick G Michaud, Jr. 


26,003 


Patrick C Keane 


32,858 


Alan E. Kopecki 


25,813 


B Jefferson Boggs, Jr 


32,344 


Regis E. Slutter 


26,999 


William H. Benz 


25,952 


Samuel C. Miller, III 


27,360 


Peter K Skiff 


31,917 


Robert G. Mukai 


28,531 


Richard J. McGrath 


29,195 


George A. Hovanec, Jr. 


28,223 


Matthew L. Schneider 


32,814 


James A. LaBarre 


28,632 


Michael G. Savage 


32,596 


E. Joseph Gess 


28,510 


Gerald F. Swiss 


30,113 


R. Danny Huntington 


27,903 


Charles F. Wieland III 


33,096 



Bruce T. Wieder 


33,815 


Todd R. Walters 


34,040 


Ronni S. Jillions 


31,979 


Harold R. Brown III 


36,341 


Allen R Baum 


36,086 


Steven M duBois 


35,023 


Brian P. O'Shaughnessy 


32,747 


Kenneth B. Leffler 


36,075 


Fred W. Hathaway 


32,236 


Wendi L. Weinstein 


34,456 


Mary Ann Dillahunty 


34,576 



■nil 

21839 



Address all correspondence to: 

Burns, Doane, Swecker & Mathis, L.L.P. 
P.O. Box 1404 

Alexandria, Virginia 22313-1404 

minimi n 

21339 

Address all telephone calls to: ~" at-f?O£).836-6620. 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the application or any patent issued thereon. 
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i 



ZENSHIP L/ 



RESIDENCE (CITY & STATE/COUNTRY) 
Mainz, G ermany ^ )^ 



POST OFFICE ADDRESS (HOME ADDRESS) 
University of Mainz, Department of Inorganic Chemistry and Analytical Chemistry, Duesbergweg 10-14, 55099 MAINZ, GERMANY 



FULL NAME OF SECOND JOINT INVENTOR, IF ANY 1 SIGNATOREV / / , 
Claudia SULITZKY j // /^A'/^^ 


DATE , 


RESIDENCE (CITY & STATE/COUNTRY) " * 
JMainz^Oerniany '^^X ^ 


CITIZENSHIlV J 



POST OFFICE ADDRESS (HOME ADDRESS) 

University of Mainz, Department of Inorganic Chemistry and Analytical Chemistry, Duesbergweg 10-14, 55099 MAINZ, GERMANY 



FULL NAME OF THIRD JOINT INVENTOR, IF ANY 1 SIGNATURE") M /I / 
Barbel RUCKERT | l/urA^QTy 


DATE 


RESIDENCE (CITY & STATE/COUNTRY) 

Mainz, Germany JE^X^ 


CITIZENSHIP <J 
German 



POST OFFICE ADDRESS (HOME ADDRESS) 
University of Mainz, Department of Inorganic Chemistry and Analytical Chemistry, Duesbergweg 10-14, 55099 MAINZ, GERMANY 



FULL NAME OF FOURTH JOINT INVENTOR, IF ANY 


| SIGNATURE 




DATE 


RESIDENCE (CITY & STATE/COUNTRY) 


CITIZ 


ENSHIP 



POST OFFICE ADDRESS (HOME ADDRESS) 



FULL NAME OF FIFTH JOINT INVENTOR, IF ANY 



RESIDENCE (CITY & STATE/COUNTRY) 



CITIZENSHIP 



POST OFFICE ADDRESS (HOME address) 



FULL NAME OF SIXTH JOINT INVENTOR, IF ANY 


1 SIGNATURE 




DATE 


RESIDENCE (city & state/country) 


CITIZENSHIP 


POST OFFICE ADDRESS (HOME ADDRESS) 


FULL NAME OF SEVENTH JOINT INVENTOR, IF ANY 


1 SIGNATURE 




DATE 


RESIDENCE (city & state/country) 


CITIZENSHIP 


POST OFFICE ADDRESS (HOME ADDRESS) 


FULL NAME OF EIGHTH JOINT INVENTOR, IF ANY 


1 SIGNATURE 




DATE 


RESIDENCE (CITY & STATE/COUNTRY) 


CITIZENSHIP 



POST OFFICE ADDRESS (HOME ADDRESS) 



FULL NAME OF NINTH JOINT INVENTOR, IF ANY 


1 SIGNATURE 


| DATE 


RESIDENCE (CITY & STATE/COUNTRY) 


CITIZENSHIP 



POST OFFICE ADDRESS (HOME ADDRESS) 



FULL NAME OF TENTH JOINT INVENTOR, IF ANY 


1 SIGNATURE 


| DATE 


RESIDENCE (CITY & STATE/COUNTRY) 


CITIZENSHIP 



POST OFFICE ADDRESS (home ADDRESS) 
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